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Background on USCMS and Workshop

The USGCRP's IGIM has been convening an annual USCMS since 2015 to improve the coordination and 
communication of national climate modeling goals and objectives. These objectives include:

• Developing a shared understanding of modeling groups’ directions and implementation strategies;

• Identifying opportunities for enhanced coordination and synergy among modeling groups; and

• Identifying outreach opportunities to user communities.

The Summits bring together representatives from the US climate model development centers and from 
operational climate and weather prediction programs:

� Geophysical Fluid Dynamics Laboratory (GFDL CM/ESM); 

� Goddard Institute for Space Studies (GISS ModelE); 

� Global Modeling and Assimilation Office (GMAO GEOS); 

� NCAR Community Earth System Model (CESM); 

� NWS/NCEP (GFS); and 

� DOE Energy Exascale Earth System Model (E3SM).



Background on USCMSs and Workshops

Starting in 2017, a topical workshop has also been organized under the auspices of the USCMS 
and in conjunction with the annual meeting. 

These workshops serve as a venue to have focused technical communications on a high-priority 
modeling-related topic identified by the modeling centers together with the IGIM, and they 
include invitees from the broader community.



USCMS Meeting Agenda

Part I: Workshop summary and updates from activities that 
started at previous USCMS meetings

Part II: Updates from the centers

Part III: Discussion on topics of interest 



Summary of Projects Initiated at the Previous USCMSs

The world-avoided mini-Model Intercomparison Project (mini-MIP), lead Jean-Francois 
Lamarque (NCAR): 

It aims to look at the impacts that the Clean Air Acts have had on air quality and 
climate, by developing appropriate emission scenarios. 

An initial set of simulations have been performed by CESM2 (WACCM), DOE (E3SM), 
NASA GISS (modelE), and NOAA GFDL (ESM4). 

The results show significant impacts of US emission trajectories on global surface ozone 
concentrations and particulate pollutions. 

Next steps involve more analysis of the simulations focusing on impacts on climate, air 
pollution, and health with expected completion of the project within the next year. 



Summary of Projects Initiated at the Previous USCMSs

Examining the Physical Realism of Aerosol-Induced Cloud Drying Across US Models, 
leads Johannes Mülmenstädt (PNNL) and Susanne Bauer (NASA GISS): 

The Project emerged from last year’s USCMS Workshop on Aerosol – Cloud Interactions. 

All six modeling centers are participating in this project that combines observational data with 
model results and theoretical studies to better understand the physical realism of 
aerosol-induced cloud drying across models. 

The research plan includes the following steps: 

1. Evaluation of the relationships between cloud droplet number concentrations and liquid 
water path; 

2. Investigation of physical realism of the entrainment fluxes in models; 

3. Testing process interpretation of satellite correlations; and 

4. Linking entrainment mediated aerosol – cloud interactions with cloud feedbacks. 

The project is anticipated to be completed within a one-year time frame. 



Updates from Centers

In the second segment, the six modeling centers provided updates on their science, 
priorities, challenges, and plans. 

These presentations generally covered the centers’ new model configurations, 
developments, frameworks, initiatives, and some results of interest, including those 
from CMIP6 simulations.



Discussion Topics
Future of the Coupled Model Intercomparison Project (CMIP) and the US centers’ 
participation in related activities: 

CMIP6, with its many MIPs, was an enormous 
undertaking, generating 9 PB of data globally and 
significantly straining US modeling centers’ human and 
computational resources. 

Despite its challenges, CMIP6 enabled meaningful 
collaborations globally between modeling centers and 
many research institutions. 

CMIP6 certainly resulted in new science and findings, 
particularly via its MIPs. Relatedly, the Intergovernmental 
Panel on Climate Change (IPCC) 6th Assessment Report 
was published in August 2021. 

Four US modeling centers participated heavily in CMIP6, 
i.e., DOE/E3SM, NASA/GISS, NOAA/GFDL, and NSF/CESM, 
and feature strongly in the overall report. Eyring et al. (2016)



Discussion Topics
Future of the Coupled Model Intercomparison Project (CMIP) and the US centers’ 
participation in related activities: 

While plans for the future of CMIP are still under discussion, the US modeling centers 
strongly favor a more continuous approach where model simulations can be 
contributed to repositories as they become available on the centers’ own development 
and science timelines. 

Such a continuous approach was also the intention in CMIP6.



Discussion Topics
Opportunities Arising from the Administration’s Focus on Climate Science: 

Climate-related research with renewed focus on topics such as basic research, 
modeling, projections, and Earth system predictions. 

Specific emphasis areas include, e.g., climate actions and solutions, adaptations, 
preparedness for extreme events, noting also that climate solutions include growing 
interest areas of clean energy, climate policy, cost of carbon, and financial and human 
risks. 

These areas would enable more interdisciplinary research.

A new emerging topic is environmental justice. Related research would tackle, among 
others, what relevant and actionable information models can provide. 

Climate research must be translated into more innovative solutions, integrating climate 
science with information needed by stakeholders. 
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Topic: Predictability



Area of Opportunity #5: Advanced Modeling and Technology, and 
Enhanced Collaborations
• Integrate ML / AI in modeling

• Reduce model errors

• Explore signal-to-noise ratio with large ensembles

• Increasingly integrate biosphere and human systems in ESMs

• Explore the impact of resolving clouds and ocean eddies in ESMs

• Enhance computational infrastructure and efficiency for extensive modeling 
explorations

• Coupled ESM data assimilation to harness predictability

• Enhancing coordination and collaboration for Earth system modeling to 
understand and harness predictability



The specific Workshop topics that are naturally inter-related are:

• Impacts of model errors (biases) and resolution on predictability, 
including air-sea and aerosol-cloud interactions that can limit 
predictability

• Signal-to-noise ratio (paradox) and role of large ensembles 

Emphasis areas included impacts of these issues / challenges on 
predictability of extreme events such as heat waves, precipitation, 
droughts, etc. 

The time scales of interest extend from weather and subseasonal to 
decadal and longer.





Expected Outcomes

• Exchange of information

• One or two specific studies that can be undertaken by the modelling centers 
collaboratively, primarily using existing simulations to address identified 
topic(s).

• The timeline of the project would be ~1 year. 

• A product would be one or two collaborative publications.

Registrants: ~85

Attendance: 40+ to ~70



https://www.cesm.ucar.edu/events/2021/uscms/



Charge for Breakout Groups

• How can we demonstrate aspects of the impacts 
of model biases and resolution on limiting 
predictability?

• Relatedly, what are the limits on predictability of, 
say, extreme events that arise from model fidelity 
issues?

• How can we make meaningful contributions to 
furthering our understanding of the 
signal-to-noise ratio (paradox)?

• What is the role of initialized and uninitialized 
large ensembles in these efforts?

Formulation of a project is in the works!

Model predicting 
real world

Model predicting 
itself

From Doug Smith (UK Met Office)



The Next Steps …..

Two proposal ideas:

• Does improved representation of modes of variability lead to reduced biases and 
increased prediction skill in US climate models?

• How much do persistent model biases impact prediction skill?

Environmental justice



Does Improved Representation of Modes of Variability Lead to Reduced 
Biases and Increased Prediction Skill in US Climate Models?



Does Improved Representation of Modes of Variability Lead to Reduced 
Biases and Increased Prediction Skill in US Climate Models?

Focus on the representation of the MJO for the subseasonal-to-seasonal and the 
NAO for the interannual-to-decadal time scale predictions to entrain participation of 
centers.

Based on various metrics, evaluate how the representations of modes are related to 
relevant model biases, e.g., precipitation in the western Pacific and the northern 
North Atlantic surface temperatures, respectively.

Evaluate and document if improved modes of variability and / or reduced bias 
translate into improved predictions, perhaps focusing on a few events.

Evaluate relationships between modes of variability and extremes.

Investigate any changes in S2N ratio.



Does Improved Representation of Modes of Variability Lead to Reduced 
Biases and Increased Prediction Skill in US Climate Models?

Period of performance: ~1 year

Funding level: ~1 FTE, but primarily at a single institution

Although this topic emerged from the Workshop discussions, we need get the 
buy-in from the modeling centers and modify as necessary to accommodate 
centers’ interests



How Much do Persistent Model Biases Impact Prediction Skill?

This is an important question that keeps coming up continuously. 

There is some evidence that bias reductions may lead to better prediction skills.

The idea here is to use artificial bias correction techniques and perform 
subseasonal-to-decadal prediction experiments, and then compare skill to those 
from their existing prediction simulations.

This project will require a higher level of (personnel and computational) 
commitments from the centers.

Period of performance: 2+ years

Funding level: Maybe several FTEs distributed across centers

Perhaps only a few of the centers may participate



Environmental Justice

What can USCMS can deliver as a modeling community towards addressing new 
questions and challenges?

It was agreed upon to focus work on environmental justice. 

Next steps would be to agree on action items to start and expand this discussion.

There was the idea to have an additional meeting within this group to discuss or to 
have it as part of the IGIM meeting agenda, including invited talks about 
environmental justice.



Thank You!


